INTRODUCTION
============

Carpal tunnel syndrome (CTS) is a common entrapment neuropathy and approximately 250,000 to 300,000 carpal tunnel releases are performed annually in the United States \[[@r1]\]. Patients with CTS treated with endoscopic surgery have good symptoms relief up to 70\~90%, which is comparable to open decompression \[[@r2]\]. In spite of effective symptom release and early return to work, patient's satisfaction with endoscopic carpal tunnel release (ECTR) is still unpredictable \[[@r3]\]. Many factors have been proposed as outcome predictors of carpal tunnel release include age \[[@r4]\], underlying disease \[[@r5]\], occupation \[[@r6]\], response to preoperative steroid injection \[[@r7]\], duration of symptoms \[[@r3]\], preoperative clinical features such as nocturnal pain and bilateral pain \[[@r11]\], preoperative muscle weakness or atrophy, worker's compensation \[[@r2]\], incorrect diagnosis \[[@r12]\] and incomplete release of the transverse carpal ligament \[[@r12]\]. The Boston CTS questionnaire is a well-recognized, disease-specific, validated self-administered questionnaire in CTS \[[@r8]\]. It gives ordinal data that is easy to explain to the patients. Katz *et al.* advocated to evaluate outcome in CTS surgery and tried to find the predictive value \[[@r2]\]. However, the predictive value was not found when assessed with the mean score of symptom severity and functional status in the questionnaire. This study aims to find the predictive factors for satisfaction in patients with CTS treated by ECTR using the Boston CTS questionnaire.

MATERIALS AND METHODS
=====================

This retrospective cohort study was approved by our hospital's Institutional Review Board. The inclusion criteria were patients who had received ECTR for symptomatic CTS by single surgeon (ACC) between February 2006 and November 2008 in one medical center. The diagnosis of carpal tunnel syndrome was made on the clinical basis of pain, numbness, weakness, paresthesia, nocturnal paresthesia in the distribution of the median nerve of the wrist or hand, and/or thenar muscle atrophy. Tinel's sign, Phalen provocative test and Durkan compression test were used to support the diagnosis. Some patients had electrophysiological findings (electromyography and nerve conduction velocity) consistent with median nerve compressive neuropathy when diagnosis was in doubt. All patients had neurologic symptoms of more than 6 months and failed to response to conservative treatment for more than 6 weeks. All of them were selected suitable candidates for ECTR without previous hand or wrist surgery and space occupying lesion at wrist. All the participants completed inform consent to participate in the study and completed the Boston questionnaires at preoperative visit, 1 month and 6 months postoperatively follow-up visits at outpatient clinics. The exclusion criteria were incomplete records for the Boston CTS questionnaire at any time point and intraoperative change of surgical procedure. The operation fees were mostly covered by the social welfare insurance and no worker's compensation was applied to all the patients. Demographic data were obtained from chart review including body weight, body height, operation time, ASA physical status class (ASA), anesthesia method, history and physical findings.

The self-administered questionnaire used for CTS evaluation was designed by Katz and Levine, which is also known as the Boston CTS questionnaire \[[@r8]\]. It consists of 2 parts and the first part consists of 11 questions concerning the severity in symptoms (Q1 \~ Q11, Table **[1](#T1){ref-type="table"}**), with each item scoring from 1 to 5 in the ascending order according to the severity of symptoms, making a total score of 55, with 11 being the best and 55 being the worst. This is the symptom severity score (SSS). The other section has 8 questions of activities of daily life (q1 \~ q8, Table **[1](#T1){ref-type="table"}**), scoring from 1 to 5 in ascending order according to the difficulty of a task, making a total score of 40, with 8 being the best and 40 being the worst. This is the function status score (FSS). Dividing the total SSS by11, we obtained the mean Boston score for symptom severity and dividing the total FSS by 8 gave us the mean Boston score for function. This questionnaire was translated to Chinese language and it had been validated \[[@r9]\]. As a final outcome factor, patient's satisfaction of each time point was determined by a 10-point verbal descriptor nominal scale (1 is very poor, 5 is fair, 10 is excellent) at the follow up visits at 1 month and 6 months after operation and a telephone interview at 2 years after operation of each patient. All patients had assistance to complete this questionnaire at the preoperative visit by the same surgeon.

Statistical Methods
-------------------

The data analysis was performed with SPSS 12.0 (SPSS, version 12.0, SPSS Inc. Chicago, Illinois) to compare the preoperative FSS and SSS scores with postoperative FSS and SSS scores at 1 month and 6 months using paired t test for the outcome of our treatment. Preoperative factors such as symptom duration, gender, dominant side lesion, preoperative mean SSS, mean FSS, and score of each item in preoperative SSS and FSS, were evaluated for the predictive value of the patient's satisfaction with stepwise multiple regression analysis. The duration of symptoms was divided into 3 groups for analysis: symptoms within 1 year, 1 year to 5 years, and more than 5 years. Items found to have predictive value were tested with Pearson correlation to the final patient's satisfaction. The demographic data, SSS and FSS scores of excluded patients were also compared with included patients with Student's t test. A *p* value of less than 0.05 was considered significant.

RESULTS
=======

Participant Composition
-----------------------

During the study periods, eighty-seven patients with 110 hands received CTS release (Fig. **[1](#F1){ref-type="fig"}**, Table **[2](#T2){ref-type="table"}**). Forty-eight patients with 64 hands receiving ECTR were allocated to the study. Among them, thirty-nine patients (6 men and 33 women) with 55 hands (17 having left, 8 having right, 15 being bilateral) completed the Levine SSS and FSS Questionnaire before surgery and at 1 and 6-month follow-up visits. All patients had telephone interviews for their final satisfaction at least 2 years after operation (mean follow-up time is 32.06 months, standard deviation (SD) is 5.12). The remaining 9 patients did not receive final telephone interview and were excluded from the study. The other 39 patients who did not meet the criteria were excluded as incomplete questionnaire data was found of 30 patients, loss of follow up at 1 month in 5 patients and of 6 months in 4 patients was observed. The comparison of preoperative demographics between included and excluded patients showed similar gender, body mass index (BMI), duration of symptoms, ASA, lesion site, mean SSS and FSS score except for the younger age (42.5 years, SD 5.32, p = 0.018) among the excluded patients. The average age at operation stage was 50.6 years (SD 10.54); the average BMI was 27.1 (SD 6.4), corresponding to the "over-weight" level (BMI\>25.0) \[[@r10]\].Thirty-one patients had symptoms of CTS for less than one year, four patients had symptoms for an interval of one to 5 years, and four patients had symptoms for more than 5 years. Twenty-two patients reported heavy work to house chores and 17 patients were retired. The ASA were ranked as 1 in 31 patients and 2 in 8 patients due to old age and systemic diseases such as diabetes mellitus, hyperthyroidism, hypertension, chronic renal insufficiency, rheumatoid arthritis and gout. Seventeen patients received general anesthesia with concomitant admission in less than 4 hospital days; one day overnight stay was reported in 15 patients and 3 nights stay was reported in 2 patients. All patients had no major complications related to surgery or anesthesia. Mean operation time was 40.7 minutes (SD 15.1) for each hand. One patient shifted to open surgery intraoperatively due to tourniquet dysfunction with unclear endoscopic view. This patient was excluded due to loss of follow up at 6 months.

### Surgical Outcome

#### SSS and FSS

Both the Boston SSS and FSS scores showed a significant decrease after ECTR at 1 and 6 months on each item (p \< 0.05\~0.001, Table **[1](#T1){ref-type="table"}**) except in the cases of carrying grocery bags (q7) at 1 and 6 months, hand or wrist weakness (Q7) at 6 months, bathing and dressing (q8) at 6 months (p \> 0.05). No difference was found between the scores of mean FSS and SSS at 1 month and 6 months post-operation (p \> 0.05). In SSS group, the score of frequency of waking up from nocturnal pain (Q2) and numbness (Q10), and the numbness severity in daytime (Q6) and at night (Q9) showed greatest change, and the weakness severity (Q7) showed the least change. In the FSS, the function of buttoning clothes (q2) and writing (q1), while of bathing and dressing (q8) and carrying grocery bags (q7) showed the greatest change.

Patient's Satisfaction
----------------------

The overall patient's satisfactions at 1 month, 6 months and 2 years were 7.40 (SD 1.90), 8.16 (SD 1.942), 8.01(SD 1.83) respectively. Twenty-eight patients (42 hands) had satisfaction scores more than 7 (good to excellent), nine patients (11 hands) had 4\~6 (fair), and two patients (2 hands) had less than 3 (Poor) at 2 years follow up. The patients' satisfactions had statistical difference at 1 month and 6 month follow-up (p=0.037), but there was no difference at 6 months and 2 years follow-up (p \> 0.05).

Predictor of Patient Satisfaction at 2 Years
--------------------------------------------

Pearson correlation test was performed to find the association between the scores of Boston questionnaire and patient's final satisfaction at 2 years. The mean SSS and mean FSS at preoperative time and postoperative 1 month, and mean FSS at postoperative 6 months, all showed no correlation to the patient's final satisfaction (p \> 0.05), but only mean SSS at postoperative 6 month showed negative correlation to patient's final satisfaction (p \< 0.01). We further examined the items inside the preoperative questionnaire, demographic data including ASA, age, gender, dominant site lesion, bilateral lesions, duration of symptoms and anesthesia method with stepwise multiple regression analysis (Table **[3](#T3){ref-type="table"}**). The severity of hand or wrist numbness during the daytime (Q6,explained 6.5% variances), the severity of numbness or tingling at night (Q9, explained 16.2% variances), the functional status of writing (q1, explained 13.9% variances), carrying grocery bags (q7, explained 13.6% variances) had significant predictive value (p\<0.001). Other factors were not significant in the analysis including ASA, gender, age, dominant site lesion, bilateral lesions, anesthesia method, and duration of symptoms.

Reasons to Satisfaction
-----------------------

The reasons to good satisfaction included good wound cosmetics in 15 patients (38.4%), resolution of symptoms in 28 patients (71.9%), and life quality improvement in 23 patients (58.9%). The reasons to poor satisfaction included irreversible thenar atrophy in 1 patient (2.56%), discomfort at some posture in 2 patients (5.12%), incomplete resolution of symptoms such as weakness, pain and numbness in 10 patients (25.6%), and affected working ability in 2 patients (5.12%).

Postoperative Status
--------------------

After operation, 18 patients returned to same work. Two patients did not return to work and two patients changed their work to less hand related activities. No major complication was observed. Five patients (12.8%) presented minor complications. Two patients had intermittent endoscopic entry portal wound pain and hypersensitivity without resolution after oral analgesics after 2 years. One patient had revision surgery for bilateral CTS due to incomplete symptom resolution at another hospital 1 year after the index surgery. After surgery, she had complete symptom release without any complication. One patient had recurrent symptoms and received reoperation after 1 year. Operative findings showed extensive scarring around previous endoscopic releasing site of transverse carpal ligament. Symptoms improved after open revision surgery. One patient had mild pillar pain at the incision scar, and it resolved after 2 months with use of oral analgesics (Fig. **[1](#F1){ref-type="fig"}**). The study flow chart (pts: patients, ECTR: Endoscopic carpal tunnel release)

DISCUSSION
==========

The Boston CTS questionnaire could effectively evaluate the outcome and be used as a preoperative tool for predicting the final patient satisfaction for ECTR. While most patients have symptom improvement after surgical treatment, some patients still cannot be satisfied with the outcome. That is because CTS not only affects the function but also the psychosocial aspect. Previous studies had tried to predict outcome with various factors including age \[[@r4]\], underlying disease \[[@r5]\], occupation \[[@r6]\], response to preoperative steroid injection \[[@r7]\], duration of symptoms \[[@r3]\], preoperative clinical features such as nocturnal pain and bilateral pain \[[@r11]\], preoperative muscle weakness or atrophy, worker's compensation \[[@r2]\], incorrect diagnosis, and incomplete release of the transverse carpal ligament \[[@r12]\]. All these factors can be explained to patient in advance in order to prevent unwanted dissatisfaction. However, there is still no simple and quantifiable data to provide a prediction to outcome. The Boston CTS Questionnaire has been shown to be sensitive for detecting a change after carpal tunnel surgery \[[@r13]\]. Levine *et al.* detected the questionnaire's responsiveness by estimating the impact degrees and compared the change to the patients' satisfaction after open carpal tunnel release. He found the patients' satisfaction correlated highly with an improvement in the SSS score and correlated moderately with the change of the functional status score. Katz *et al.* found the SSS 4 times more responsive and the functional status scale 2 times more responsive than the sensibility and strength testing in estimating the impact degree and standardized response mean \[[@r14]\]. Gay *et al.* suggested that the Boston CTS Questionnaire are more sensitive to a clinical change than clinical examination, electrophysiological findings, or other generic questionnaires such as the Disabilities of the Arm, Shoulder, and Hand questionnaire and the Short-Form 36 \[[@r15]\]. Previous study had proved the questionnaire as being useful to measure the effect of open surgery, and in this study, ECTR has also showed similar improvement in open surgery \[[@r16]\]. With this self-administered questionnaire, the pre-op numbness or tingling at night, the pre-op hand or wrist numbness during the daytime, pre-op carrying grocery bags and the pre-op functional status of writing can predict a higher patient's satisfaction at 2 years.

In this study, we can identify patients who might not be satisfied with the result and provide additional information to these patients by this simple questionnaire. Higher preoperative severity of numbness or tingling at night, severity of hand or wrist numbness during the daytime, better function carrying grocery bags, lower functional status of writing showed 50.2% predictive value for higher patient's final satisfaction. The reason of higher severity of numbness or tingling at daytime and night having better satisfaction is the greater improvement of life quality related to numbness after surgery. Besides numbness, the other symptoms showed no predictive value including pain and weakness in symptom severity score. This might be due to the unpredictable recovery degree after surgery related to nerve degeneration. The worse ability to carry grocery bag showed better satisfaction after 2 years due to improvement of the functional status. In contrast, the patient having more inability to write preoperatively had worse satisfaction score. The score of writing ability before surgery had significant correlation to the score of postoperative writing ability. The total predictive value of these items in Boston CTS questionnaire was 50.2% which offered a simple way to identify these poor satisfaction predicted cases without additional examination or cost. While these patients expect more for ECTR for better outcome, these factors can provide a reference to surgeons for surgical planning and identifying patients who might have poor results. Some factors including ASA \[[@r5]\], gender \[[@r17]\], duration of symptoms \[[@r18]\], were considered as outcome predictors in open CTS surgery. This might be related to the patient selection or small patient number which may need further investigation. However, this study has 81.2% postoperative follow-up rate and complete questionnaire records for 2 years which can provide detailed information related to patients' outcomes. Otherwise, this questionnaire would have been validated to reflect the outcome of patients in carpal tunnel release. The analysis of predictive factor can provide more information for surgical planning and preoperative patient education.

CONCLUSION
==========

Boston questionnaire is a simple and reliable tool to evaluate patient's outcome and final satisfaction in ECTR. The severity of numbness or tingling at night, the severity of hand or wrist numbness during the daytime, the ability of carrying grocery bags and the ability of writing can predict higher patient's final satisfaction with 50.2% predictive value.
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###### 

The score of Boston carpal tunnel.A. Symptoms severity scale (SSS).

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
               Q1\                   Q2\               Q3 Daytime pain severity   Q4 Daytime pain frequency   Q5\                     Q6 Numbness severity   Q7 Weakness severity   Q8\               Q9\              Q10\                  Q11\                 Mean\
               Night pain severity   Wake up by pain                                                          Pain episode duration                                                 Tingle severity   Night numbness   Wake up by numbness   Key or pen holding   SSS
  ------------ --------------------- ----------------- -------------------------- --------------------------- ----------------------- ---------------------- ---------------------- ----------------- ---------------- --------------------- -------------------- --------------
  Pre-op       3.31±1.59             4.51±1.20         2.89±1.43                  2.98±1.37                   3.11±1.53               3.64±1.60              1.91±1.47              2.42±1.64         3.93±1.30        3.76±1.48             2.07±1.42            3.14±0.84

  Post-op 1m   1.13±0.41^‡^          1.04±1.20^‡^      1.20±0.46^‡^               1.47±0.99^‡^                1.40±0.99^‡^            1.36±0.57^‡^           1.20±0.59^‡^           1.11±0.53^‡^      1.38±0.32^‡^     1.11±0.32^‡^          1.04±0.30^‡^         1.22±0.81^‡^

  Post-op 6m   1.07±0.33^‡^          1.04±0.30^‡^      1.07±0.25^‡^               1.09±0.29^‡^                1.31±0.87^‡^            1.31±0.56^‡^           1.49±0.87              1.00±0.00^‡^      1.42±0.58^‡^     1.18±0.39^‡^          1.09±0.60^‡^         1.19±0.30^‡^
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

† p \< 0.01; ‡ p \< 0.001. None of the p-value for the postoperative data without sign ‡ was less than 0.01 as comparison to the preoperative data of the same item (Q1 to Q11).

###### 

Functional status scale (FSS).

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
               q1\            q2\                 q3\              q4\                    q5\            q6\                q7\                     q8\                    Mean FSS
               Writing        Buttoning clothes   Holding a book   Gripping a telephone   Opening jars   Household chores   Carrying grocery bags   Bathing and dressing   
  ------------ -------------- ------------------- ---------------- ---------------------- -------------- ------------------ ----------------------- ---------------------- --------------
  Pre-op       2.24±1.58      2.64±1.61           2.13±1.44        2.16±1.46              2.20±1.47      2.09±1.43          2.20±1.41               1.20±0.46              2.11±1.06

  Post-op 1m   1.02±0.15^‡^   1.07±0.33^‡^        1.11±0.44^‡^     1.04±0.30^‡^           1.44±1.06^†^   1.02±0.149^‡^      1.76±1.21               1.02±0.15\*            1.19±1.33^‡^

  Post-op 6m   1.09±0.60^‡^   1.31±0.90^‡^        1.29±1.01^†^     1.29±1.01^†^           1.56±1.27\*    1.29±1.01^†^       1.89±1.32               1.29±1.01              1.38±0.69^‡^
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\* p \< 0.05; † p \< 0.01; ‡ p \< 0.001.

###### 

Demographic data of the patients.

  ------------------------------ ---------------
  Total patients/ hands\         87 / 110\
     Included patients/ hands\   39 / 55\
     Dominant site\                 24\
     Non-dominant site\             16\
     Bilateral lesions              15

  Gender\                        \
     Male\                       6\
     Female                      33

  Age (years)\                   50.6 ± 10.54\
     \<60yrs\                    33\
     \>60yrs                     6

  Occupation\                    \
     Heavy work\                 1\
     Light work\                 4\
     House chore\                17\
     Retired                     17

  Duration of symptoms\          \
     \<1 year\                   31\
     1\~5 years\                 4\
     \>5 years                   4

  BMI (kg/m^2^)\                 27.1 ± 6.4\
     \< 23 normal\               4\
     23-25 overweight\           13\
     \> 25 obese                 22

  ASA\                           \
     1\                          31\
     2\                          8\
     \> 3                        0

  Anesthesia method\             \
     Local anesthesia\           22\
     General anesthesia          17
  ------------------------------ ---------------

BMI: Body mass index, body weight divided by square of body height. ASA: ASA physical status class.

###### 

Stepwise multiple regression of factors.

  -------------------------------------------------------------------------------------------------------
  The sequence of variables entered   R       R^2^    R^2^\    F        *p*          Beta(β)   Variance
                                                      Change                                   
  ----------------------------------- ------- ------- -------- -------- ------------ --------- ----------
  Q9 Pre-op night numbness            0.402   0.162   0.142    8.109    0.007^†^     0.329     16.2%

  q1 Pre-op writing                   0.548   0.301   0.139    8.818    0.001^†^     -0.639    13.9%

  q7 Pre-op carrying grocery bags     0.661   0.437   0.136    10.340   \<0.001^‡^   0.439     13.6%

  Q6 Pre-op daytime numbness          0.708   0.502   0.065    9.822    \<0.001^‡^   0.261     6.5%
  -------------------------------------------------------------------------------------------------------

Total explained variance: 50.2% Patient satisfaction at 2 year = 0.329 × Q9 - 0.639 × q1 + 0.439 × q7 + 0.261 × Q6 † p \< 0.01 ‡ p \< 0.001.
